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DESCRIPTION

NON-AQUEOUS ELECTROLYTE SECONDARY BATTERY AND METHOD FOR

PRODUCING THE SAME

Technical Field

The present Invention relates to a non-aqueous

electrolyte secondary battery with a high energy density, and to

a method for producing the same.

Background Art

A non-aqueous electrolyte secondary battery using an

alkali metal such as lithium or sodium in the negative electrode

has a high electromotive force. Furthermore, the battery has a

higher energy density than conventional nickel-cadmium storage

batteries and lead-acid storage batteries. Above all, various

researches have been carried out about non-aq[ueous electrolyte

secondary batteries using Li in the negative electrode. However,

the use of an alkali metal for the negative electrode causes

dendrite during charging. This is likely to cause a short

circuit, thereby lowering the reliability of the battery.

lithium and either aluminum or lead for the negative electrode.

The use of the alloy among them for the negative electrode makes

lithium be absorbed in the alloy in the negative electrode

during charging. As a result, no dendrite occurs, making the

Therefore, it has been tried to use an alloy of
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battery highly reliable. However, the discharge potential of the

alloy is about 0.5 V higher than metallic lithium. Therefore,

the voltage of the battery is lowered by 0.5 V, and the energy

density of the battery is also lowered.

On the other hand, there has been a study on a

negative electrode containing a layered compound comprising a

carbon material such as graphite cind lithium as an active

material. Batteries with this negative electrode have been in a

practical use as lithiiim ion secondary batteries . In the layered

compound, lithium is intercalated between the carbon layers by

charging, so that no dendrite is caused. Furthermore, the

negative electrode has a discharge potential only about 0 . 1 V

higher than metallic lithium, which causes only a minor voltage

drop of the battery. However, when the carbon material is

graphite, the upper limit of the amount of lithium to be

intercalated between the carbon layers by charging is

theoretically one sixth of the number of carbon atoms. In that

case, the electric capacity is 372 Ah/kg. Thus, carbon material

having lower crystallinity than graphite, various alloys and

metal oxides which have larger capacities than the above have

been put fourth.

Moreover, as the non- aqueous electrolyte secondary

batteries have higher capacity and higher performance, it has

been suggested adding a phosphate to the non-aqueous electrolyte

in order to mainly improve the flame resistance and reliability

of the non-aqueous electrolyte secondary batteries (Japanese
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Laid-open Patent Application Hei 4-184870, Japanese Laid-Open

Patent Application Hei 8-111238, Japanese Laid-Open Patent

Application Hei 9-180721, and Japanese Laid-Open Patent

Application Hei 10-55819 for example). To be more specific, it

has been suggested to make the non-aqueous electrolyte contain a

large amount of phosphate which is obtained by substituting

aliphatic hydrocarbon groups having 4 or fewer carbon atoms for

three hydroxyl groups in the phosphate.

The appearance of the negative electrode active

material with a high capacity has realized a non-aqueous

electrolyte secondary battery having a large discharge capacity;

however, it consequently causes the following problems. That is,

when capacity per unit weight or unit volume of the electrode

increases, the non-acpieous electrolyte is decomposed on the

electrode as the charge/discharge cycle proceeds, gradually

lowering the discharge capacity. When a charged battery is

stored at high temperatures, the non-aqueous electrolyte is

decomposed or deteriorated on the electrode. As a result, the

battery characteristics are impaired.

The present invention has an object of providing a

non-aqueous electrolyte secondary battery in which a decrease in

discharge capacity with the progress of a charge/discharge cycle

and the deterioration of characteristics after the storage

thereof at high temperatures are reduced by suppressing the

reaction between the non-aqueous electrolyte eind the electrode.
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Disclosure of Invention

The present invention relates to a non-aqueous

electrolyte secondary battery comprising a chargeable and

dischargeable positive electrode, a non-aqueous electrolyte

containing a lithium salt, and a chargeable and dischargeable

negative electrode, wherein at least one of the positive

electrode, the non-aqueous electrolyte and the negative

electrode contains at least one selected from the group

consisting of a phosphate represented by the general formula

(1):

I - .

0 = P-OR^^ (1)

I

where R^^, R^^ and R^ independently represent an

aliphatic hydrocarbon group having 7 to 12 carbon atoms, a

phosphate represented by the general formula ( 2 )

:

OR^**

I

0=P-OR^^ (2)

I

OH
where R^^ and R^*" independently represent an aliphatic

hydrocarbon group having 1 to 12 carbon atoms or an aromatic

hydrocarbon group, and a phosphate represented by the general
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formula (3)

:

I

0 = P-OH (3)

I

OH
where represents an aliphatic hydrocarbon group

having 1 to 12 carbon atoms or an aromatic hydrocarbon group.

It is preferable that at least two selected from the

group consisting of R^*, R^^ and R^^ are identical with each other

in the general formula (1), and/or R^*" and R^^ are identical with

each other in the general formula ( 2 )

.

The present invention also relates to a non-aqueous

electrolyte secondary battery wherein at least one of the

positive electrode, the non-aqueous electrolyte said the negative

electrode contains a mixture of at least two selected from the

group consisting of a phosphate represented by the general

formula (1), a phosphate represented by the general formula (2),

and a phosphate represented by the general formula (3), where R^^,

R^\ R^^, R'*^, R^"* and R'^ in the general formulae (1) to (3) have

the same number of carbon atoms, respectively.

It is preferable that the percentage by volume of each

of the phosphates in the mixture is not less than 30%.

It is particularly preferable that the mixture of

Ltes is a mixture of the phosphate represented by the

formula (2) and the phosphate represented by the general
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formula (3), where R , R and R^"" in the general formulae (2) and

(3) have the same number of carbon atoms. It is also preferable

that R^*', R^^ and R^"" are of the identical group.

The present invention further relates to a non-aqueous

electrolyte secondary battery, wherein at least one of the

positive electrode, the non-aqueous electrolyte and the negative

electrode contains at least one phosphate selected from the

group consisting of dibutyl phosphate, dipentyl phosphate,

dihexyl phosphate, diheptyl phosphate, dioctyl phosphate,

dinonyl phosphate, didecyl phosphate, diundecyl phosphate,

didodecyl phosphate, monobutyl phosphate, monopentyl phosphate,

monohexyl phosphate, monoheptyl phosphate, monooctyl phosphate,

monononyl phosphate, monodecyl phosphate, monoundecyl phosphate

and monododecyl phosphate.

Above all, it is preferable that at least one of the

positive electrode, the non-aqueous electrolyte and the negative

electrode contains a mixture of at least one selected from the

group consisting of dibutyl phosphate, dipentyl phosphate,

dihexyl phosphate, diheptyl phosphate, dioctyl phosphate,

dinonyl phosphate, didecyl phosphate, diundecyl phosphate, and

didodecyl phosphate, and at least one selected from the group

consisting of monobutyl phosphate, monopentyl phosphate,

monohexyl phosphate, monoheptyl phosphate, monooctyl phosphate,

monononyl phosphate, monodecyl phosphate, monoundecyl phosphate

and monododecyl phosphate. In that case, it is preferable that

the phosphates in the mixture have the same aliphatic
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hydrocarbon group, like a mixture of dibutyl phosphate and

monobutyl phosphate.

It is preferable that the non-aqueous electrolyte

contains 0.1 to 20 wt% of the phosphate.

It is also preferable that the chargeable and

dischargeable positive electrode contains at least one selected

from the group consisting of LiCoOj, LiMnaO^, LiNi02 and LiFe02,

and the chargeable and dischargeable negative electrode contains

Q at least one selected from the group consisting of a carbon

SI material, metallic lithivmi, a lithium alloy and a compound

ill containing lithium. It is preferable that the lithixam alloy
111

ill contains at least one selected from the group consisting of Sn,

Si, Al and In, besides lithium.

y| The present invention further relates to a method for
111

ul producing a non-aqueous electrolyte secondary battery comprising

the steps of: preparing an electrode mixture comprising an

active material, a conductive agent and a binder, applying the

electrode mixture on a current collector plate to prepare an

electrode, assembling a non-aqueous electrolyte secondary

battery using the electrode and a non-aqueous electrolyte and,

adding at least one of the active material, the electrode

mixtxire and the electrode with at least one selected from the

group consisting of a phosphate represented by the general

formula (1)

:
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0=P-OR^^ (1)

I

where R^*, R^^ and R^ independently represent an

aliphatic hydrocarbon group having 7 to 12 ceirbon atoms, a

phosphate represented by the general formula ( 2 )

:

OR^"

I

0=P-OR^'' (2)

OH
where R^** and R^'' independently represent an aliphatic

hydrocarbon group having 1 to 12 carbon atoms or an aromatic

hydrocarbon group, and a phosphate represented by the general

formula ( 3 )

:

OR^"

I

0=P-OH (3)

I

OH

where R^° represents an aliphatic hydrocarbon group

having 1 to 12 carbon atoms or an aromatic hydrocarbon group.

When the phosphate is added to the active material,

the active material and the phosphate can be directly mixed, or
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the active material can be immersed in a solution containing the

phosphate.

Furthermore, when the phosphate is added to the

electrode mixture, the phosphate can be directly mixed with the

electrode mixture.

Furthermore, when the phosphate is added to the

electrode, the electrode may be immersed either in the phosphate

or in a solution containing the phosphate.

Brief Description of Drawings

Figure 1 shows the vertical cross sectional view of a

cylindrical non-aqueous electrolyte secondary battery as an

example of the non-aqueous electrolyte secondary battery of the

present invention

.

Best Mode for Carrying Out the Invention

The non-aqueous electrolyte secondary battery of the

present invention comprises a chargeable and dischargeable

positive electrode, a non-aqueous electrolyte containing a

lithium salt, and a chargeable and dischargeable negative

electrode, and is characterized in that at least one of the

positive electrode, the non-aqueous electrolyte and the negative

electrode contains a specific phosphate.

The phosphate can be at least one selected from the

group consisting of a phosphate represented by the general

formula ( 1 )

:
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I

0=P-OR="' (1)

I

where R^^, R*^ and R^* independently represent an

aliphatic hydroccirbon group having 7 to 12 carbon atoms, a

phosphate represented by the general formula ( 2 )

:

I

0=P-OR=''' (2)

I .

OH
where R^" and R^" independently represent an aliphatic

hydrocarbon group having 1 to 12 carbon atoms or an aromatic

hydrocarbon group, and a phosphate represented by the general

formula (3):

OR^'^

I

0=P-OH (3)

I

OH

where represents an aliphatic hydrocarbon group

having 1 to 12 carbon atoms or an aromatic hydrocarbon group.

In the general formula (1). R^^, R^^ and R^^ Include

linear aliphatic hydrocarbon groups such as heptyl group, octyl



group, nonyl group, decyl group, undecyl group, and dodecyl

group; aliphatic hydrocarbon groups having a side chain such as

2-methylhexyl group and 2-ethylhexyl group; and an alicyclic

aliphatic hydrocarbon group. It is particularly preferable that

R^^, R^^ and R^^ are linear aliphatic hydrocarbon groups. In

addition, it is preferable that at least two of R^^, R^^ and R^^

are identical with each other, and it is further preferable that

three of them are identical with each other.

The phosphate represented by the general formula (1)

can be, for example, triheptyl phosphate, trioctyl phosphate,

trinonyl phosphate, tridecyl phosphate, triundecyl phosphate,

tridodecyl phosphate, or tri- 2-ethylhexyl phosphate- These can

be used solely, or two or more of them can be combined

-

In the general formula ( 2 ) , R^^ and R^*" include linear

aliphatic hydrocarbon groups such as methyl group, ethyl group,

propyl group, butyl group, pentyl group, hexyl group, heptyl

group, octyl group, nonyl group, decyl group, undecyl group, and

dodecyl group; aliphatic hydrocarbon groups having a side chain

such as isopropyl group, tert-butyl group, 2-methylhexyl group

and 2-ethylhexyl group; an alicyclic aliphatic hydrocarbon

group; and aromatic hydrocarbon groups such as phenyl group and

tolyl group. It is preferable that R^** and R^^ have 4 to 12

carbon atoms , and it is further preferable that R^^ and R^^ are

identical with each other .

The phosphate represented by the general formula (2)

can be, for example, dimethyl phosphate, diethyl phosphate.
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dipropyl phosphate, dibutyl phosphate, dipentyl phosphate,

dihexyl phosphate, diheptyl phosphate, dioctyl phosphate,

dinonyl phosphate, didecyl phosphate, diimdecyl phosphate,

didodecyl phosphate, diphenyl phosphate, methylhexyl phosphate,

ethylhexyl phosphate, propylhexyl phosphate, butylhexyl

phosphate, pentylhexyl phosphate, heptylhexyl phosphate,

octylhexyl phosphate, nonylhexyl phosphate, decylhexyl phosphate,

undecylhexyl phosphate, dodecylhexyl phosphate, phenylhexyl

phosphate, diisopropyl phosphate, or isopropylhexyl phosphate.

These can be used solely, or two or more of them can be combined

.

Among these, it is preferable to use dibutyl phosphate,

dipentyl phosphate, dihexyl phosphate, diheptyl phosphate,

dioctyl phosphate, dinonyl phosphate, didecyl phosphate,

diundecyl phosphate, didodecyl phosphate, pentylhexyl phosphate,

heptylhexyl phosphate, octylhexyl phosphate, nonylhexyl

phosphate, decylhexyl phosphate, undecylliexyl phosphate, or

dodecylhexyl phosphate.

It is further preferable to use dibutyl phosphate,

dipentyl phosphate, dihexyl phosphate, diheptyl phosphate,

dioctyl phosphate, dinonyl phosphate, didecyl phosphate,

diundecyl phosphate, or didodecyl phosphate.

In the general formula (3), R^*" can be those mentioned

above as examples of R^** and R^**. It is preferable that R^*" has 4

to 12 carbon atoms.

The phosphate represented by the general formula (3)

can be, for example, monomethyl phosphate, monoethyl phosphate.
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monopropyl phosphate, monobutyl phosphate, monopentyl phosphate,

monohexyl phosphate, monoheptyl phosphate, monooctyl phosphate,

monononyl phosphate, monodecyl phosphate, monoxindecyl phosphate,

monododecyl phosphate or monophenyl phosphate. These can be used

solely, or two or more of them can be combined.

Among them, it is fiirther preferable to use monobutyl

phosphate, monopentyl phosphate, monohexyl phosphate, monoheptyl

phosphate, monooctyl phosphate, monononyl phosphate, monodecyl

phosphate, monoundecyl phosphate, or monododecyl phosphate.

In addition, the phosphate represented by the general

formula (2) is more preferable than the phosphate represented by

the general formula ( 1 ) , and the phosphate represented by the

general formula (3) is more preferable than the phosphate

represented by the general formula ( 2 )

.

Furthermore, it is more preferable to use the mixture

of the phosphates which are represented by different general

formulae respectively than to solely use the phosphate

represented by either one of the general formulae ( 1 ) to ( 3 )

.

Above all, it is most preferable to use the mixture of the

phosphate represented by the general formula (3) and the

phosphate represented by the general formula (2). In this case,

it is preferable that R^^, R^^ and R^"' have the same number of

carbon atoms, and it is further preferable that they are of the

same group.

It is preferable that the percentage by volume of each

of the phosphates in the mixture is not less than 30%, and it is
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further preferable that the percentage by voliime of each of the

phosphates in the mixture is approximately the same.

It is preferable that the non-aqueous electrolyte

contains 0.1 to 20 wt%, and more preferably 0.5 to 5 wt% of the

phosphate. When the weight ratio is less than 0.1 wt%, it

becomes impossible to fully obtain the effect of suppressing the

decomposition reaction eind deterioration reaction of the non-

aqueous electrolyte on the electrode. On the other hand, when

the weight ratio exceeds 20 wt%, it is likely that the non-

aqueous electrolyte loses its ion conductivity.

The non-aqueous electrolyte containing a lithium salt

consists of a lithiiam salt and a solvent.

The solvent can be, for example, ethylene carbonate,

propylene carbonate, butylene carbonate, dimethyl carbonate,

diethyl carbonate, ethylmethyl carbonate, 1 , 2-dimethoxyethane, T

-butyrolactone , tetrahydrofuran , 2-methyltetrahydrofuran

,

dimethyl sulfoxide, dioxolan, 1, 3-dioxolan, formamide,

dimethylformamide , nitromethane , acetonitrile , methyl formate,

methyl acetate, methyl propionate, trimethoxymethane , a dioxolan

derivative, sulfolane, 3-methyl-2-oxazolidinon, a propylene

carbonate derivative, a tetrahydrofuran derivative, diethyl

ether, or 1 , 3-propanesuitone. These can be used solely, or two

or more of them can be combined. Above all, it is preferable

that ethylene carbonate and propylene carbonate are used either

solely or together.

The lithium salt can be LiC104, LiBF4, LiPFg, LiCF3S03,
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LiCFaCOj, LiAsFg, LiSbF^ , LiB^oClio, lithium carboxylate having a

lower aliphatic groups, LiAlCl4, LiCl, LiBr, Lil, chloroborane

lithium, or lithium 4 -phenyl borate. The lithium salt also can

be a sodiiam salt, a magnesium salt, an aluminum salt, a

potassium salt, a rubidium salt, a calcixom salt and so on.

As the chargeable and dischargeable positive electrode,

it is possible to use a positive electrode which is obtained by

applying a positive electrode mixture comprising a positive

electrode active material, a conductive agent and a binder on a

current collector plate.

As the positive electrode active material, it is

preferable to use at least one selected from the group

consisting of LiCoOj, LiMn204, LiNiOj and LiFeOj. These can be

used solely, or two or more of them can be combined.

As the chargeable and discheirgeable negative electrode,

it is possible to use a negative electrode which is obtained by

applying a negative electrode mixture comprising a negative

electrode active material, a conductive agent and a binder on a

current collector plate.

As the negative electrode active material, it is

preferable to use at least one selected from the group

consisting of a carbon material, metallic lithium, a lithium

alloy, and a compound containing lithium. These can be used

solely, or two or more of them can be combined.

As the lithium alloy, it is preferable to use a

lithium-tin alloy or a lithiiam- silicon alloy. As the compound
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containing lithium, it is possible to use a lithium-tin oxide or

a lithium-silicon oxide.

As the conductive agent, it is possible to use

anything that does not badly affect the battery performance. For

example, it is possible to use graphite, low-crystalline carbon,

a carbon material containing an element such as B, P, N, S, H,

or F.

As the binder, it is possible to use polyacrylic acid,

carboxymethyl cellulose, polytetrafluoroethylene

,

poly(vinylidene fluoride), vinylidene fluoride-hexafluoro

propylene copolymer, polyvinyl alcohol, starch, diacetyl

cellulose, hydroxypropyl cellulose, polyvinyl chloride,

polyvinyl pyrrolidone, polyethylene, polypropylene, styrene-

butadiene copolymer (SBR), ethylene-propylene-diene copolymer

(EPDM), sulphonated EPDM, fluorocarbon rubber, polybutadiene, or

poly(ethylene oxide) . These can be used solely, or two or more

of them can be combined. Among them, preferable ones are

polyacrylic acid, ceirboxymethyl cellulose, poly(vinylidene

fluoride), vinylidene fluoride-hexafluoro propylene copolymer,

polytetrafluoroethylene, and SBR.

As the current collector plate for the positive

electrode, it is possible to use aluminum, stainless steel,

nickel, titanium, and their alloys. Their preferable forms are a

foil, an expanded metal, a punched metal, a net, a mesh or the

like. Above all, an aluminum foil is most preferable as the

current collector plate for the positive electrode.
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As the current collector plate for the negative

electrode, it is possible to use copper, stainless steel, nickel,

titaniiim, and their alloys. Their preferable forms are the same

as those of the positive electrode. Above all, a copper foil is

most preferable as the current collector for the negative

electrode

.

As a method for making the positive electrode and/or

the negative electrode contain the phosphate, the following

methods 1-3 are preferable.

Method 1 is to add the phosphate to the active

material. In this method, the phosphate can be directly mixed

with the active material. Alternatively, the active material can

be immersed in a solution containing the phosphate. The latter

is more preferable than the former in that the phosphate can be

uniformly mixed with the active material.

In Method 1, it is preferable that 0.01 to 10 parts by

weight, and more preferably 0.1 to 1.0 parts by weight of the

phosphate is added to 100 parts by weight of the active material

.

When the active material is Immersed in the solution

containing the phosphate, it is preferable that the solution

contains 0.1 to 20 wt%, and more preferably 0.5 to 10 wt% of the

phosphate- The solvent to dissolve the phosphate can be n-hexane,

n-heptane, cyclohexane and so on.

The proper amount of the solution to immerse the 100

peirts by weight of the active material is 100 to 500 parts by

weight. Also, the proper immersion time is 1 minute to 12 hours.
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The active material after the immersion is used after being

dried.

Method 2 is to add a phosphate to an electrode mixture

comprising an active material, a conductive agent and a binder.

In this method, when the electrode mixture is produced, the

phosphate is mixed together with the other materials. In order

to make the mixing easier, a proper amount of solvent such as N-

methylpyrrolidone can be added to the mixture. The electrode

mixture preferably contains 0.1 to 20 wt%, and more preferably

0.5 to 10 wt% of the phosphate.

Method 3 is to add the phosphate to the electrode

which is obtained by applying an electrode mixture on the

current collector plate. In this method, the electrode can be

immersed either in a phosphate or a solution containing a

phosphate

.

When the electrode is immersed in the phosphate, it is

preferable to immerse it for 1 to 60 seconds. When the electrode

is immersed in the solution containing the phosphate, the same

solution as is used in Method 1 to immerse the active material

can be used. The proper immersion time is 1 minute to 12 hours.

The electrode after the immersion is used after being dried.

Figure 1 shows the vertical cross sectional view of a

cylindrical non-aqueous electrolyte secondary battery as an

example of the non-aqueous electrolyte secondairy battery of the

present invention. This battery is comprising an electrode

assembly and a battery container 8.



The electrode assembly comprises a positive electrode

plate 1, a negative electrode plate 2 and a belt -shaped micro

porous polypropylene separator 3 having a larger width than

these electrode plates. The positive electrode plate 1 includes

a positive electrode lead plate 4 which is made from the same

material as the core thereof and attached by spot welding. The

negative electrode plate 2 includes a negative electrode lead

plate 5 which is made from the same material as the core thereof

emd attached by spot welding. The laminated member consisting of

the positive electrode plate 1, the negative electrode plate 2

cind the separator 3 arranged therebetween are coiled.

Furthermore, insulator plates 6 and 7 made of polypropylene are

arranged on and beneath the electrode assembly, respectively.

After the electrode assembly is inserted in the

battery container 8, a step is formed at the upper portion of

the battery container 8. Then, a non-aqueous electrolyte is

poured into the battery container 8. After this, a

charge/discharge cycle is conducted once while the opening of

the battery container 8 is left open so as to release generated

gas. Later, the opening is sealed with a sealing plate 9 having

a positive electrode terminal 10.

The present invention will be described specifically

based on examples. It must be noted that the present invention

is not restricted to these examples

.

First, a method for evaluating batteries produced in

the examples and comparative examples will be described.



20

Charge/Discharge Cycle Test

A charge/discharge cycle in which a battery was

charged until 4,2 volts and discharged until 3 volts was

repeated at 20°C and a constant current of 50 mA, Then, the

discharge capacity at the 1st cycle and the discheirge capacity

at the 100th cycle were measured. Then, the capacity maintenance

rate at the 100th cycle was found from the formula:

the capacity maintenance rate (%) at the 100th cycle =

100 X (the discharge capacity at the 100th cycle/the discharge

capacity at the 1st cycle).

High-Temperature Storage Test

A charge/discharge cycle in which a battery was

charged until 4.2 volts and discharged until 3 volts was

repeated at 20°C and a constant current of 50 mA. Then, after

the 11th charge, the battery was stored for one week at 85°C-

Then, when the temperature of the stored battery became 20°C, it

was discharged until 3 V. Then, the discharge capacity at that

moment, that is, the discharge capacity at the 11th cycle was

measured. Later, the chearge/discharge cycle was conducted one

more time to measure the discharge capacity at the 12th cycle.

Then, the capacity maintenance rate (%) after being stored at

high temperatures was found from the foinnula:

the capacity maintenance rate (%) after high-

temperature storage = 100 X (the discharge capacity at the 11th



cycle/the discharge capacity at the 10th cycle)

,

In addition, the capacity restoration rate was found

from the formula:

the capacity restoration rate (%) = 100 X (the

discharge capacity at the 12th cycle/the discharge capacity at

the 10th cycle)

.

Examples 1-6

A pasty negative electrode mixture was obtained by

mixing 100 g of carbon power as a negative electrode active

material, 5 g of styrene-butadiene rubber as a binder, and a

proper amount of petroleum solvent. This was applied on a copper

core (current collector plate), dried at 120°C, rolled out, ctnd

cut so as to obtain a negative electrode. This negative

electrode contained 2.5 g of carbon powder. The discharge

capacity of the carbon powder was 350 mAh per gram.

Then, lithium carbonate and cobalt carbonate were

mixed in a predetermined mole ratio, heated at 900°C so as to

obtain LiCo02, which is a positive electrode active material, A

pasty positive electrode mixture was obtained by mixing 100 g of

LiCoOj which is sieved out into 100 mesh or less , 5 g of carbon

powder as a conductive agent, 8 g of polytetrafluoroethylene as

a binder, and a proper amount of petroleum solvent. This was

applied on a titanium core (current collector plate), dried,

rolled out, and cut so as to obtain a positive electrode. This

positive electrode contained 5 g of positive electrode active
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material

.

Then, a mixed solvent comprising ethylene carbonate

and diethyl carbonate in the same percentage by voliame was

prepared. Then, lithium perchlorate was dissolved in the mixed

solvent. The concentration of the lithium perchlorate was 1

mol/liter. The phosphates shown in Table 1 were added to it so

as to obtain various non-aqueous electrolytes each containing 3

wt% of phosphate.

By using the negative electrode, the positive

electrode and the non-aqueous electrolyte, the cylindrical non-

aqueous electrolyte secondary battery shown in Figure 1 was

assembled. In the battery, 2.6 ml of the non-aqueous electrolyte

was poured

-

The results of the charge/discharge cycle test and

high- temperature storage test of the batteries are shown in

Table 1.

Comparative Example 1

The same operations as in Example 1 were conducted

except that no phosphate was added to the non- aqueous

electrolyte. The results of the charge/discharge cycle test and

the high- temperature storage test were shown in Table 1.

Symbols used in Tables 1 to 9 hereinafter given have

the following meanings

.

*a type of phosphate

*b capacity maintenance rate (%) at the 100th cycle
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*c capacity maintenance rate (%) after high-

temperature storage

*d capacity restoration rate (%)

Table 1

Exairqple No. *a *b *C *d

1 Triheptyl phosphate 81 84 83

2 Trioctyl phosphate 82 85 84

3 Trinonyl phosphate 80 84 83

4 Tridecyl phosphate 81 83 83

5 Triiindecyl phosphate 81 84 83

6 Tridodecyl phosphate 80 83 84

Comparative
Example 1

51 60 65

As shown in Table 1, the batteries in which a non-

aqueous electrolyte is added with a phosphate having the three

identical aliphatic hydrocarbon groups have been drastically

improved in the capacity maintenance rate at the 100th cycle,

the capacity maintenance rate after high-temperature storage,

and the capacity restoration rate, compared with the battery in

which no phosphate is added to the non-aqueous electrolyte. From

this, it is understood that the phosphates have the effect of

reducing a decrease in capacity.

It is considered that the phosphates are adsorbed on

the surface of the electrode, and it is also considered that the

phosphates restrict the reaction between the non-aqueous

electrolyte and the charged electrode. It is further considered
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that the addition of the phosphates has improved the

electrochemical stability of the non-aqueous electrolyte.

Moreover, it has been found that when the aliphatic

hydrocarbon groups have 7 to 12 carbon atoms, similar effects

can be obtained regardless of their type.

In addition, the same operations as in Example 1 were

conducted by using various phosphates each having three

aliphatic hydrocarbon groups all of which are not identical. The

results were far better than in Comparative Example 1

.

Comparative Elxamples 2-5

The same operations as in Example 1 were conducted

except that the phosphates shown in Table 2 were used in place

of the phosphates shown in Table 1 . The results of the

charge/discharge cycle test and the high-temperature storage

test are shown in Table 2

.

Table 2

Comparative
Example No. *a *b *c *d

2 Trimethyl phosphate 52 59 66

3 Trlethyl phosphate 53 58 67

4 Trihexyl phosphate 52 58 66

5
Tri -tridecane
phosphate 51 57 62

As shown in Table 2, it is understood that when the

aliphatic hydrocarbon groups have 1 to 6 or 13 carbon atoms.
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even if the phosphate having three aliphatic hydrocarbon groups

is used, the battery performance cannot be fully improved.

Examples 7-19

The same operations as in Example 1 were conducted

except that the phosphates shown in Table 3 were used in place

of the phosphates shown in Table 1. The results of the

charge/discharge cycle test and the high-temperature storage

test are shown in Table 3.

Table 3

Example No. a *b
*
c *d

7 Dimethyl phosphate 74 85 85

8 Diethyl phosphate 76 84 83

9 Dipropyl phosphate 78 84 87

10 Dibutyl phosphate 79 84 89

11 Dipentyl phosphate 81 85 88

12 Dihexyl phosphate 84 88 91

13 Diheptyl phosphate 73 89 91

14 Dioctyl phosphate 83 89 90

15 Dinonyl phosphate 82 89 91

16 Didecyl phosphate 83 88 92

17 Diundecyl phosphate 83 89 92

18 Didodecyl phosphate 83 87 91

19 Diphenyl phosphate 83 82 87

Comparative
Example 1

51 60 65

Examples 20-31

The same operations as in Example 1 were conducted
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except that the phosphates shown in Table 4 were used in place

of the phosphates shown in Table 1, The results of the

charge/dischsLrge cycle test and the high-temperature storage

test are shown in Table 4.

Table 4

Example No. *a *b *c *cl

20 Methylhexyl phosphate 73 83 87

21 Ethylhexyl phosphate 72 83 86

22 Propylhexyl phosphate 77 85 87

23 Butylhexyl phosphate 79 86 87

24 Pentylhexyl phosphate 78 86 89

25 Heptylhexyl phosphate 79 89 91

26 Octylhexyl phosphate 79 88 90

27 Nonylhexyl phosphate 79 87 91

28 Decylhexyl phosphate 78 87 92

29 Undec3ylhexyl phosphate 78 85 90

30 Dodecylhexyl phosphate 77 87 91

31 Phenylhexyl phosphate 77 84 88
Compaxatlve
Example 1

51 60 65

As shown in Tables 3 and 4, the batteries in which a

non-aqueous electrolyte is added with a phosphate having two

hydrocarbon groups have been drastically improved in the

capacity maintenance rate at the 100th cycle, the capacity

maintenance rate after high-temperature storage, and the

capacity restoration rate, compared with the battery of

Comparative Example 1. Above all, the case where the two

hydrocarbon groups both have 4 to 10 carbon atoms is
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particularly excellent. In addition, the case where the

phosphate having two hydrocarbon groups is used is more

excellent than the case where the phosphate having three

hydrocarbon groups is used. Furthermore, the case where the

phosphate having identical hydrocarbon groups with each other is

used is more excellent than the case where the phosphate having

different hydrocarbon groups from each other is used.

Examples 32-44

The same operations as in Example 1 were conducted

except that the phosphates shown in Table 5 were used in place

of the phosphates shown in Table 1 . The results of the

charge/discharge cycle test and the high-temperature storage

test are shown in Table 5.
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Table 5

Example No. *
a *b *c *d

32 Monomethyl phosphate 75 85 89

33 Monoethyl phosphate 74 85 88

34 Monopropyl phosphate 79 88 89

35 Monobutyl phosphate 81 87 89

36 Monopentyl phosphate 82 87 91

37 Monohexyl phosphate 87 89 93

'i Qoo Mononeptyx pxiospnatie <5o o oOO 93

39 Monooctyl phosphate 84 88 92

40 Monononyl phosphate 84 88 93

41 Monodecyl phosphate 84 86 93

42 Monoundecyl phosphate 84 85 92

43 Monododecyl phosphate 85 87 92

44 Monophenyl phosphate 81 81 85

Comparative
Example 1

51 60 65

As shown in Table 5, the batteries in which a non-

aqueous electrolyte is added with a phosphate having one

hydrocarbon group have been drastically improved in the capacity

maintenance rate at the 100th cycle, the capacity maintenance

rate after high-temperature storage, and the capacity

restoration rate, compared with the battery of Comparative

Example 1 . Above all , the cases where the hydrocarbon group has

4 to 10 carbon atoms are particularly excellent. In addition,

the cases where the phosphate having one hydrocarbon group is

used is more excellent than the cases where the phosphate having

two hydrocarbon groups is used.
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Examples 45-57

The same operations as in Example 1 were conducted

except that the phosphate mixtures shown in Table 6 were used in

place of the phosphates shown in Table 1 . The results of the

charge/discharge cycle test and the high-temperat\are storage

test are shown in Table 6

.

Each of the phosphate mixtures is a mixture of a

phosphate having one hydrocarbon group and a phosphate having

two hydrocarbon groups in the same percentage by volume. The

hydroccirbon groups in both phosphates are the same with each

other in all the cases.
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Table 6

Example No. *a *b *c *d

45
Monomethyl phosphate/

80 89 94

46 Monoethyl phosphate/
82 89 93

47
Monopropyl phosphate/

85 91 94

48
Monobutyl phosphate/

i^-L u Li L. jf J. ^llUa^lld Lc
87 91 94

49
Monopentyl phosphate/

89 91 96

50
Monohexyl phosphate/

90 95 98

51
Monoheptyl phosphate/

JL/ .il 1 X^?^ i. ^ ^XX\.^OJ^XXCL I.C
,90 93 96

52
Monooctyl phosphate/
Dioctvl DhosTihate 90 93 96

53
Monononyl phosphate/
Dinonyl phosphate 90 92 95

54
Monodecyl phosphate/
Didecyl phosphate 89 94 95

55
Monoundecyl phosphate/
Dlundecyl phosphate 88 93 95

56
Monododecyl phosphate/
Didodecyl phosphate 89 93 96

57
Monophenyl phosphate/
Diphenyl phosphate 87 88 91

Comparative
Example 1

51 60 65

As shovm in Table 6, the batteries in which a non-

aqueous electrolyte is added with a phosphate mixture have been

drastically improved in the capacity maintenance rate at the

100th cycle, the capacity maintenance rate after high-

temperature storage, and the capacity restoration rate, compared

with the battery of Comparative Example 1. Above all, the cases

where the hydrocarbon groups have 4 to 10 carbon atoms are

particularly excellent. In addition, the cases where a phosphate
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mixture is used are more excellent than the cases where a

phosphate having one hydrocarbon group or a phosphate having two

hydrocarbon groups cire used solely.

Examples 58-65

The same operations as in Example 1 were conducted

except that the weight ratio of monohexyl phosphate in the non-

aqueous electrolyte was vauried in the range of 0.01 to 30 wt%.

The results of the charge/discharge cycle test and the high-

temperature storage test are shown in Table 7

.

Table 7

Example No. weight ratio (wt%) of
monohexyl phosphate *b *c *d

58 0.01 52 60 64

59 0.1 75 80 89

60 0.5 88 87 90

61 1 89 87 91

62 5 91 90 94

63 10 88 91 93

64 20 87 90 93

65 30 55 60 67

Comparative
Example 1

51 60 65

As shown in Table 7, when monohexyl phosphate has a

weight ratio of 0.1 to 20 wt% in the non-aqueous electrolyte,

the capacity maintenance rate at the 100th cycle, the capacity

maintenance rate after high-temperature storage, and the
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capacity restoration rate are particularly excellent. It is

considered that when the weight ratio is less than 0.1 wt%, the

effect of suppressing the reaction between the non-aqueous

electrolyte and the charged electrode, and the effect of

improving the electrochemical stability of the non-aqueous

electrolyte are small. It is also considered that when the

weight ratio is over 20 wt%, the non-aqueous electrolyte loses

its ion conductivity and the like.

Examples 66-73

The same operations as in Examples 58 to 65 were

conducted except that a mixture of monohexyl phosphate and

dihexyl phosphate in the same percentage by volume was added in

place of adding monohexyl phosphate. The results of the

charge/discharge cycle test and the high-temperatxire storage

test are shown in Table 8

.
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Table 8

riXoinpxe JMO •

weight ratio (wt%) of the
mixtiore of

monohexylphosphate

/

dihexyl phosphate

b *
c a

66 0.01 50 60 65

67 0.1 90 92 91

68 0.5 92 93 91

69 1 95 95 95

70 5 95 97 98

71 10 95 96 97

72 20 94 96 97

73 30 53 62 66

Compaxative
Example 1

51 60 65

As shown in Table 8, in the cases where a phosphate

mixture is used, when the weight ratio in the non-aqueous

electrolyte is 0.1 to 20 wt%, the capacity maintenance rate at

the 100th cycle, the capacity maintenance rate after high-

temperature storage, and the capacity restoration rate are high.

The cases where a phosphate mixture is used are more excellent

than the cases where monohexyl phosphate is used solely.

Example 74

0 . 5 g of monooctyl phosphate was added to 100 g of the

positive electrode active material used in Example 1, and they

were mixed for 10 minutes and dried for 1 hour at 110°C. Then,

100 g of this mixture, 4 g of carbon powder as a conductive
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agent, 4 g of poly(vinylidene fluoride) as a binder, and 30 g of

N-methylpyrrolidone as a solvent were mixed for 15 minutes with

a mixer so as to obtain a positive electrode mixture. This

positive electrode mixture was applied on a 30 /xm-thick aliaminum

core (current collector plate) by using a knife coater, dried

for 10 minutes at 90°C, rolled out at 5000 kgf/cm^, and further

dried for 5 hours at 110°C so as to obtain a positive electrode

having a thickness of 1 0.0 Mm.

100 g of carbon powder as a negative electrode active

material, 5 g of styrene-butadiene rubber as a binder, and a

proper amount of 80 g of petroleum solvent were mixed for 15

minutes with a mixer, so as to obtain a negative electrode

mixture. Then, this negative electrode mixtirre was applied on a

copper core (current collector plate), dried for 10 minutes at

110°C, rolled out, and further dried for 3 hours at llO^'C so as

to obtain a negative electrode. The discharge capacity of the

carbon powder was 350 mAh per gram.

Then, a mixed solvent comprising ethylene carbonate

and diethyl ceirbonate in the same percentage by volume was

prepared. Then, lithium hexafluorophosphate was dissolved in the

mixture so as to obtain a non-aqueous electrolyte- The

concentration of the lithium hexafluorophosphate was 1 mol/liter.

By using the negative electrode, the positive

electrode and the non-aqueous electrolyte, the cylindrical non-

aqueous electrolyte secondary battery shown in Figure 1 was

assembled. In the battery, 2.6 ml of the non-aqueous electrolyte
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was poured. The results of the charge/discharge cycle test and

high-temperature storage test of the battery are shown in Table

9.

Comparative Example 6

The same operations as in Example 74 were conducted

except that 0 . 5 g of monooctyl phosphate was not used in the

manufacture of the positive electrode. The results of the

charge/discharge cycle test cind the high-temperature storage

test are shown in Table 9

.

Example 75

100 g of the positive electrode active material used

in Example 1 was immersed in an n-hexane solution containing 0,5

wt% of monooctyl phosphate, and stirred for 5 minutes. Later, it

was dried for 1 hour at 110°C. Then, 100 g of the dried positive

electrode active material, 4 g of carbon powder as a conductive

agent, 4 g of poly(vinylidene fluoride) as a binder, and 30 g of

N-methylpyrrolidone as a solvent were mixed for 15 minutes with

a mixer so as to obtain a positive electrode mixture. This

positive electrode mixture was applied on a 30 Mm-thick aluminxam

core (current collector plate) by using a knife coater, dried

for 10 minutes at 90°C, rolled out at 5000 kgf/cm^, and further

dried for 5 hours at 110°C so as to obtain a positive electrode

having a thickness of 100 Mm.

By using the positive electrode, and the negative
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electrode and the non-aqueous electrolyte used in Example 74, a

battery was assembled and evaluated. The results of the

charge/discharge cycle test and high-temperature storage test of

the battery are shown in Table 9

.

Example 76

100 g of the positive electrode active material used

in Example 1, 4 g of carbon powder as a conductive agent, 4 g of

poly(vinylidene fluoride) as a binder, 30 g of N-

methylpyrrolidone as a solvent , and 0. 5 g of dihexyl phosphate

were mixed for 15 minutes with a mixer so as to obtain a

positive electrode mixture. This positive electrode mixture was

applied on a 30 /xm-thick alxjminxjm core (current collector plate)

by using a knife coater, dried for 10 minutes at 90''C, rolled out

at 5000 kgf/cm^, and further dried for 5 hours at llO^'C so as to

obtain a positive electrode having a thickness of 100 Mm.

By using the positive electrode, and the negative

electrode and the non-aqueous electrolyte used in Example 74, a

battery was assembled and evaluated. The results of the

charge/discharge cycle test and high-temperature storage test of

the battery are shown in Table 9

.

Example 77

First, a mixture of monohexyl phosphate and dihexyl

phosphate in the same percentage by volume was prepared. Then,

an n-hexane solution containing 0 . 5 wt% of the mixture was
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prepared. The positive electrode used in Comparative Example 6

was immersed in the solution for 5 minutes, and dried for 3

hoxirs at 110°C. By using the positive electrode, and the

negative electrode and the non-aqueous electrolyte used in

Example 74, a battery was assembled and evaluated. The results

of the charge/discharge cycle test and the high-temperature

storage test are shown in Table 9.

Example 78

First, a mixture of monohexyl phosphate and dihexyl

phosphate in the same percentage by volume was prepared. Then,

the positive electrode used in Compeirative Example 6 was

immersed in the mixture for 30 seconds, cind dried for 3 hours at

110°C, By using the positive electrode, and the negative

electrode and the non-aqueous electrolyte used in Example 74, a

battery was assembled and evaluated. The results of the

charge/discharge cycle test and the high-temperature storage

test are shown in Table 9.

Example 79

100 g of carbon powder and 0.5 g of raonoheptyl

phosphate were mixed by a mixer for 5 minutes, and then dried

for 1 hour at llO^'C. 100 g of the dried carbon powder, 4 g of

poly(vinylidene fluoride) as a binder, and 30 g of N-

methylpyrrolidone as a solvent were mixed for 15 minutes with a

mixer so as to obtain a negative electrode mixture. This
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negative electrode mixture was applied on a 16 Mm-thick copper

core (current collector plate) by using a knife coater, dried

for 10 minutes at 90°C, rolled out at 4000 kgf/cm^, and further

dried for 5 hours at 110°C so as to obtain a negative electrode

having a thickness of 150 Um,

By using the negative electrode, and the positive

electrode and the non-aqueous electrolyte used in Comparative

Example 6, a battery was assembled and evaluated- The results of

the charge/discharge cycle test and high-temperature storage

test of the battery are shown in Table 9-

Example 80

100 g of carbon powder was immersed in an n-hexane

solution containing 1.0 wt% of monoheptyl phosphate and stirred

for 5 minutes. Later, it was dried for 1 hour at 110°C- A

battery was assembled in the same manner as in Example 79 except

that this carbon powder was used, and evaluated. The results of

the charge/discharge cycle test and high-temperature storage

test of the battery are shown in Table 9.

Example 81

100 g of carbon powder, 4 g of poly{vinylidene

fluoride) as a binder, 30 g of N-methylpyrrolidone as a solvent,

and 0.5 g of dihexyl phosphate were mixed for 15 minutes with a

mixer so as to obtain a negative electrode mixture. This

negative electrode mixture was applied on a 16 A^m-thick copper
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core (current collector plate) by using a knife coater, dried

for 10 minutes at 90°C, rolled out at 4000 kgf/cm^, and further

dried for 5 hours at 110°C so as to obtain a negative electrode

having a thickness of 150 Um.

By using the negative electrode, and the positive

electrode and the non-aqueous electrolyte used in Comparative

Example 6, a battery was assembled and evaluated. The results of

the charge/discharge cycle test and high-temperature storage

test of the battery are shown in Table 9.

Example 82

The negative electrode used in Example 74 was immersed

for 5 minutes in an n-hexane solution containing 1.0 wt% of

monohexyl phosphate. Later, the negative electrode was dried for

3 hours at 110°C.

By using the negative electrode, and the positive

electrode and the non-aqueous electrolyte used in Comparative

Example 6, a battery was assembled and evaluated. The results of

the charge/discharge cycle test and high-temperature storage

test of the battery are shown in Table 9.

Example 83

The negative electrode used in Example 74 was immersed

for 30 seconds in monohexyl phosphate. Later, the negative

electrode was dried for 3 hours at 110°C.

By using the negative electrode, and the positive
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electrode and the non-aqueous electrolyte used in Comparative

Example 6, a battei:y was assembled and evaluated. The results of

the charge/discharge cycle test and high-temperature storage

test of the battery are shown in Table 9.

Table 9

Example No. *b
*
c *d

74 80 90 92

75 82 92 96

76 83 93 95

77 85 95 97

78 82 94 95

79 78 92 96

80 80 92 93

81 79 90 91

82 82 92 94

83 80 89 91

Comparative
Example 6

53 62 66

As shown in Table 9, when a phosphate is added to

either the active material, the electrode mixture, or the

electrode, the capacity maintenance rate at the 100th cycle, the

capacity maintenance rate after high- temperature storage, and

the capacity restoration rate of the batteries become high. The

reason for this is considered that the phosphate contained in

either the active material, the electrode mixture, or the

electrode suppresses the reaction between the non-aqueous

electrolyte and the charged electrode.
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Industrial Applicability

The non-aqueous electrolyte secondary battery of the

present invention has a high-energy density, and shows a

small decrease in the discharge capacity with the progress of

the charge/discharge cycle, and minor deterioration of

characteristics during high- temperature storage. Therefore,

the present invention has a great industrial significance.


